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(54) IGNITION TIMING CONTROL DEVICE OF HYBRID VEHICLE 
(57)Abstract: 

PROBLEM TO BE SOLVED: To control a hybrid vehicle 
so as to satisfy both time requiring vehicle driving force 
and time requiring to restrain car body vibration when 
starting an internal combustion engine from operation of 
only an electric motor. 

SOLUTION: When requiring the vehicle driving force, the 
ignition timing is initially set to A. and the ignition timing 
is respectively advanced by (a) thereafter (S218). When 
requiring to restrain the car body vibration, the ignition 
timing is initially set to B of the ignition timing delay side 
from the A, and is set to (b) smaller than the (a) 
thereafter. Thus, when requiring to restrain the car body 
vibration, the ignition timing is delayed further to reduce 
a shock. When requiring the driving force, the ignition 
timing is advanced more than when requiring to restrain 
the vibration to obtain ordinary output earlier. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The hybrid vehicles which are characterized by providing the following and which make 
an internal combustion engine and a motor a driving source. A means to judge whether it is the 
demand for the aforementioned starting demand obtaining the driving force of vehicles when the 
starting demand of the aforementioned internal combustion engine is made in the state where 
only the aforementioned motor is operated. A means to set ignition timing at the time of starting 
of the aforementioned internal combustion engine as the value in which the demand for obtaining 
the aforementioned driving force differs from the other demand when it is judged that it is the 
demand for obtaining the aforementioned driving force. 

[Claim 2] A means to set the aforementioned ignition timing as a different value in the electronic 
spark timing controller of hybrid vehicles according to claim 1 is the electronic spark timing 
controller of the hybrid vehicles which are what it controls to a tooth-lead-angle side rather 
than the case of being other in being the demand for obtaining the aforementioned driving force. 
[Claim 3] The electronic spark timing controller of hybrid vehicles which has an amendrnent 
means to perform amendment according to the state of the aforementioned internal combustion 
engine, to ignition timing set up by means to set the aforementioned ignition timing as a different 
value further in the electronic spark timing controller of hybrid vehicles according to claim 1. 



[Translation done.] 
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3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to control of ignition timing 
of an internal combustion engine when putting the aforementioned internal combustion engine 
into operation from the state where only the aforementioned motor was operated especially, 
about the hybrid vehicles which make an internal combustion engine and a motor a driving 
source. 
[0002] 

[Description of the Prior Art] The hybrid vehicles which make an internal combustion engine and 
a motor a driving source are known. Moreover, at the time of a low-speed run when the 
efficiency of an internal combustion engine is comparatively bad. this is stopped and running with 
the driving force of only a motor may be performed. When putting an internal combustion engine 
into operation from the drive state only by this motor, in order that the output of an internal 
combustion engine may start suddenly, vehicles driving force may increase rapidly and body 
vibration may occur. In order to mitigate this vibration, controlling at ignition timing which carried 
out the angle of delay from ignition timing which becomes settled from an inhalation air content, 
cooling water temperature, engine rotational speed, etc. at the time of starting of an internal 
combustion engine is performed conventionally. By making ignition timing spend, the rapid 
increase in driving force is suppressed by suppressing the output of an internal combustion 
engine and making an output increase gradually. 
[0003] 

[Problem(s) to be Solved by the Invention] As mentioned above, there was a problem that the 
standup of the output of the internal combustion engine according to the cause of a starting 
demand would not be obtained from the state where only the motor is operated if the ignition 
timing is always controlled to a fixed value in case an internal combustion engine is put into 
operation. That is, there is a demand by the state of demand that he wants vehicles driving 
force, auxiliary machinery, etc. among the demands of starting of an internal combustion engine. 
The former is the case where it is going to be satisfied [ with applying the output of an internal 
combustion engine to the output of a motor ] of the aforementioned demand to demand that an 
operator wants to accelerate more quickly etc. Moreover, the latters are the demand for 
charging at this, the demand for driving the compressor of a conditioner, etc., when the amount 
of accumulation of electricity of the battery used as the power supply of a motor decreases. 
[0004] this invention is made in order to solve the above-mentioned trouble, and it aims at 
performing output adjustment of an internal combustion engine from the state where only the 
motor is operated, according to the content of a demand of starting, when putting an internal 
combustion engine into operation. 
[0005] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem the 
ignition control equipment of the hybrid vehicles of this invention VVhen the starting demand of 
an internal combustion engine is made in the state where only the motor is operated When it is 
judged that they are a means to judge whether it is the demand for the aforementioned starting 
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demand obtaining the driving force of vehicles, and the demand for obtaining the aforementioned 
driving force, it has a means to set ignition timing at the time of starting of the aforementioned 
internal combustion engine as the value in which the demand for obtaining the aforementioned 
driving force differs from the other demand. 

[0006] Furthermore, a means to set the aforementioned ignition timing as a different value can 
be controlled to a toothHead-angle side rather than the case of being other, when it is the 
demand for obtaining the aforementioned driving force. 
[0007] 

[Embodiments of the Invention] Hereafter, the form (henceforth an operation form) of operation 
of this invention is explained according to a drawing. An example of the outline composition of 
the hybrid vehicles equipped with two sorts of prime movers, i.e., an internal combustion engine 
1 0 and a motor 1 2, is shown in drawing 1 . The output of one side of an internal combustion 
engine 10 and a motor 12 or both sides is transmitted to a driving wheel 16 through a reducer or 
a change gear (it is only described as a change gear below) 14, and drives vehicles. Three- 
phase-alternating-current power is supplied to a motor 12 through an inverter 20 from a battery 
18. Moreover, drive a motor 12 according to the inertia of an internal combustion engine 10 or 
vehicles, this is made to act as a generator, the generated power is changed into a direct current 
power, and a battery 18 is charged. 

[0008] Control of an internal combustion engine 10 and a motor 12 is performed by the control 
section 22. A control section 22 judges synthetically from the operational status of the demand 
from an operator, and an internal combustion engine 10, the accumulation-of-electricity state of 
a battery 18, etc., and controls operation of an internal combustion engine 10 and a motor 12. 
The demand ft-om an operator has the demand about the drive of vehicles, such as control inputs 
of an accelerator pedal and a brake pedal, the demand which controls operation of a conditioner. 
When, as for the demand about operation of a conditioner, an operator chooses automatic, 
equipment itself may control actual operation. The operational status of an internal combustion 
engine 10 is judged based on the physical quantity which shows this, for example, engine 
rotational speed, a circulating water temperature, an inhalation air content, etc. Moreover, when 
the amount of accumulation of electricity of a battery 1 8 is always supervised and this amount of 
accumulation of electricity falls below to a predetermined value, it generates electricity by driving 
a motor 12 with an internal combustion engine 10, and a battery 18 is charged. A control section 
22 controls the output of an internal combustion engine 10 by controlling fuel oil consumption, 
ignition timing, throttle-valve opening, etc. based on the physical quantity which indicates the 
aforementioned operational status to be the demand of the demand about a drive of an operator, 
a demand of battery charge, etc. Control of a motor 12 is performed by controlling an inverter 
20. Specifically, by controlling ON-OFF of the controlling element in an inverter 20, the direct 
current power from a battery 18 is changed into the three-phase alternating current, and a 
motor 12 is supplied. When the motor 12 is acting as a generator, three-phase-alternating- 
current power is changed into a direct current, and a battery 1 8 is charged. 

[0009] The flow chart concerning starting control of an internal combustion engine 10, especially 
control of ignition timing is shown in drawing 2 and drawing 3 . It is more efficient to obtain 
driving force only with a motor 12 in a run of a low-speed low load. If the starting demand of an 
internal combustion engine is during a run in this state (SI 00), ignition timing will anneal, 
processing will be performed (S200), and the output of an internal combustion engine 10 will start 
with the speed according to the situation. A starting demand has the output demand 
(considerable to obtain an output) which will be emitted by having stepped on the accelerator 
pedal if an operator wants to accelerate more quickly, and the independence demand which is a 
demand by other reasons. Since the independence demand went into the field to which vehicles 
speed uses two sorts of prime movers in order to charge at a battery 1 8, since the compressor 
of a conditioner is driven, it is demand that the internal combustion engine 10 needed to be put 
into operation. 

[0010] If the starting demand of an internal combustion engine 10 is made, control of ignition 
timing according to the contents of a demand will be performed. If it shows and anneals to 
drawing 3 and goes into the routine of processing, it will anneal first and that judgment will be 
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made for processing during execution (S202). It is judged whether the flag (annealing hereafter 
processing flag) F which anneals and specifically shows under processing execution is turned on. 
Although this flag F is set as ON at Step S216 mentioned later, when It anneals and a 
manipulation routine is performed first, it is that it is turned off. For this reason, at first, the 
judgment of NO is made at Step S202, and the amount Ta of provisional 7 better addition in the 
middle of an operation (hereafter, raw [ for calculation ] is carried out and it is described as the 
amount of addition) is set as 1 degree with a crank angle. When it anneals and processing is 
already started on the other hand (i.e.. when judged as F=ON at Step S202), it is used for the 
practice set up at Step S224 mentioned later at control, and anneals, raw [ of the amount Ea of 
addition / for calculation ] is carried out. and it considers as the amount Ta of addition (S206). 
furthermore, the raw one for calculation which is actually used for ignition-timing control and 
which annealed and was set up at ignition timing Eb and Steps S204 or S206 — carrying out — 
the amount Ta of addition — in addition, provisional [ in the middle of an operation ] — for 
calculation, raw is carried out and ignition timing Tb is computed (S208) The comparison with 
this demand ignition timing called for by carrying out raw [ for calculation ] from ignition timing 
Tb, an inhalation air content, a circulating water temperature, and engine rotational speed is 
made (S210). That Is [ It carries out raw and the ignition timing Tb Is / for calculation / larger, 
that is. it is not necessary to already carry out the angle of delay any more / when the tooth ' 
lead angle is being carried out more, ], it is the case where it is not necessary to process by 
annealing, and in this case, for calculation, raw is carried out and ignition timing Tb is set as 
demand ignition timing (S212). Moreover, it is shown that annealed, annealed the processing flag 
F as OFF. and processing is completed (S212). On the other hand, when raw is carried out and 
the direction of the processing ignition timing Tb is carrying out the angle of delay for calculation 
at Step S210, it still anneals, it is judged that processing is required, and it jumps over Step 
S21 2, and shifts to Step S21 4. 

[001 1] At Step S214, in order to cancel a halt and to start from the routine which is carrying out 
halt control of the internal combustion engine 10, it is judged whether the demand which 
initializes a variable is made. Judgment of Yes is made, only when it anneals first and the routine 
of processing is performed, since the demand of initialization was cleared at Step S224 
mentioned later. When there is an initialization demand, it anneals and the processing flag F is set 
to ON (S216). Moreover, raw [ for calculation ] is carried out and let ignition timing Tb be the 
predetermined initial value A when there is an output demand (S218). Simultaneously, raw [ for 
calculation ] is carried out and let the amount Ta of addition be the predetermined initial value a 
when there is an output demand. 

[0012] Next, it is judged whether the starting demand was an independence demand (S220). if it 
is an independence demand — the raw one for calculation — carrying out — ignition timing Ta - 
- for calculation, raw is carried out and the amount Tb of addition is re(S222) set as the initial 
value B of an independence demand, and the amount b of addition Then, an initialization demand 
is cleared, and it is actually used for control, and anneals, raw [ of the amount Ea of addition / 
for calculation ] is carried out, and it considers as the amount Ta of addition (S224). On the 
other hand, at Step S220, when it is judged that a starting demand is an independence demand, it 
jumps oyer Step S222 and shifts to Step S224. By Steps S218-S222. by carrying out raw [ for 
calculation ], if a starting demand is an output demand, it will be set up with initial value A and 
the predetermined value a, respectively, and, other than this, will be got blocked, and if the Initial 
value Ta of ignition timing and the amount Tb of addition are independence demands, they will be 
set up with initial value B and the predetermined value b. 

[001 3] Furthermore, it is actually used for ignition-timing control, and anneals, and for 
calculation, raw [ of the ignition timing Eb ] is carried out. and it is set as ignition timing Ta 
(S226). On the other hand, when [ Step S214 ] there is no initialization demand, it shifts to Step 
S214. Therefore, once it anneals and the routine of processing is performed, Steps S216-S224 
will be performed. In other words, Steps S216-S224 annealed, and the amount of addition of 
ignition timing at the time of a processing start and subsequent ignition timing is determined. 
[0014] According to the above routine, the first ignition timing is controlled by Steps S218 and 
S222 etc. by initial value A or B according to the content of a starting demand. Then, according 
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to the content of a starting demand whenever it anneals ignition timing and passes along a 
manipulation routine by Step S208 etc., the tooth lead angle only of a or the b is carried out. And 
in the stage which carried out the tooth lead angle till ignition timing computed from the 
operational status of an internal combustion engine based on physical quantity, such as an 
inhalation air content and cooling water temperature, it anneals and the end of processing is 
judged. 

[001 5] When setting to the tooth-lead-angle side especially from the initial value B of an 
independence demand of the initial value A of an output demand and an operator breaks in an 
accelerator pedal, the delay of the standup of driving force decreases. Moreover, at the time of 
independence starting, vibration and the shock which are produced in order that the output of an 
internal combustion engine may start are reduced, and it becomes a more comfortable degree of 
comfort. 

[0016] About demand ignition timing mentioned above, it is given as a two-dimensional map of an 
inhalation air content and engine rotational speed, for example. At this time, if an inhalation air 
content becomes large, if engine rotational speed becomes high again at a tooth-lead-angle side, 
it will be controlled more at a tooth-lead-angle side. 

[001 7] Moreover, it is possible to anneal and to also change the initial value A and B of ignition 
timing according to fixed not a value but operational status. For example, the initial value A of an 
output demand is given as the output desired value which the control section 22 computed 
based on pedal operation of an operator etc., and a two-dimensional map of vehicles speed. 
Moreover, it can also give as a two-dimensional map of throttle-valve opening and vehicles 
speed. In this case, initial value A is set to a tooth-lead-angle side, and it is made for the output 
of an internal combustion engine to start early more, so that output desired value or throttle- 
valve opening is large. Moreover, it is made to set to a tooth-lead-angle side also about vehicles 
speed, so that speed is high. 

[0018] When it is the initial value B at the time of starting by independence demand, the case of 
bei ng as follows can be considered. It can consider as the 1 —dimensional map which becomes a 
tooth-lead-angle side as vehicles speed becomes high. This is because it will be thought that it 
does not sense by the passenger even if vibration becomes large a little if vehicles speed 
becomes high. 

[0019] Moreover, it can consider as the 1 -dimensional map which becomes an angle-of^delay 
side as fuel oil consumption increases. Since the output of an internal combustion engine is more 
large and a bird clapper can be considered when there is much fuel oil consumption, the angle of 
delay is carried out that much, and it is made to lessen the factor of vibration. 
[0020] Furthermore, it can change also with the position of a shift lever. Since the output shaft 
of a prime mover is mechanically fixed when a lever is in a parking range (PAKINGUROKKU), the 
input to the body may become large as reaction force of output increase. Also at this time, initial 
value B is controlled to an angle-of-delay side not to cause increase of a rapid output. For 
example, at the time of a parking range, it sets up so that 10-degree angle of delay may be 
carried out to other range. 

[0021] Furthermore, when operating the compressor of a conditioner, angle-of-delay control is 
carried out. If the switch of a conditioner is switched on, it will control to 10-degree angle-of- 
delay side to the case of OFF. If the switch of a conditioner is switched on, it is possible that the 
output of an internal combustion engine is set up more highly with this. Therefore, the standup of 
an output may also become sudden and, for this reason, controls initial value to an angle-of^ 
delay side beforehand. 

[0022] Furthermore, like a conditioner, in consideration of the drive load of the AC dynamo for 
auxiliary machinery driven to an internal combustion engine, when there is an electric load, it 
controls to an angle-of-delay side. 

[0023] Fundamentally, as for the initial value A and B of the above output demand and an 
independence demand, the direction of the initial value A of an output demand is set to a tooth- 
lead-angle side. Thereby, driving force can be made to increase from an operator's early more to 
demand of wanting to obtain big driving force. 

[0024] Furthermore, in order to make driving force increase early, it can anneal and can set up 
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separately also about the amounts a and b of addition. For example, it anneals at the time of 
starting by output demand, and the amount a of addition can be annealed at the time of starting 
by 4 degrees and independence demand with a crank angle, and the amount b of addition can be 
set up with 1 etc. degree etc. If it does in this way, in an output demand, an early more nearly 
usual output can be obtained. Furthermore, like the case of initial value A and B, it can anneal 
and the amounts a and b of addition can be changed based on output desired value, vehicles 
speed, etc. 

[0025] The above control is performed when a control section 22 operates according to a 
predetermined program. Therefore, it functions as a means to set ignition timing at the time of 
starting of the aforementioned internal combustion engine as a different value by whether it was 
judged that a control section 22 was the demand for obtaining the means and driving force which 
judge whether it is the demand for a starting demand obtaining the driving force of vehicles. 
Moreover, it functions to set-up ignition timing also as an amendment means to perform 
amendment according to the state of the aforementioned internal combustion engine. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the outline composition of hybrid vehicles. 

[Drawing 2] It is drawing showing the processing flow concerning starting of the internal 

combustion engine in hybrid vehicles. 

[Drawing 3] It is drawing showing the flow concerning the ignition-timing control at the time of 
internal combustion engine starting in hybrid vehicles. 
[Description of Notations] 

10 An internal combustion engine, 12 A motor, 18 A battery, 20 An inverter, 22 control sections. 



[Translation done.] 
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